We investigated the accuracy of pressure injury evaluation using tele-devices and examined the concordance between automatically generated recommendations and primary manual recommendations. Caregivers took photos and videos of pressure injuries using smartphones with built-in cameras and uploaded the media to the application. The wound team evaluated the wound using a specially modified version of the Pressure Sore Status Tool. This was compared with the Pressure Sore Status Tool score assessed during the actual examination of the patient. We developed an automatic algorithm for dressing based on the Pressure Sore Status Tool score, checking for consistency between this and the primary manual recommendation. A total of 60 patients diagnosed with pressure injuries were included. The κ coefficients indicated substantial agreement for wound size and total score, and excellent for all other items. We found that the overall concordance rates were statistically significant for all items (p < 0.001). For the primary dressing, the κ coefficient for the concordance rate of automatic algorithm and manual recommendation was 0.771, while that of teleconsultation system and manual recommendation was 0.971. For the secondary dressing, the figures were 0.798 and 0.989, respectively. All values were statistically significant (p < 0.001). We presented strong evidence documenting the utilization of a smartphone, patient-driven system, and demonstrated that the measurements obtained were comparable to the ones obtained by a trained, on-site, wound team. Furthermore, we confirmed agreement between automatically generated recommendations and primary manual recommendations.
INTRODUCTION
In the past, there were various attempts at teleconsultation of patients using the telephone. More recently, there have been great advancements in teleconsultation due to the widespread use of the World Wide Web. 1 It is now possible to aggregate and transmit medical information via the Internet, using platform infrastructure and smartphone applications that can collect and manage an enormous amount of data. Moreover, efforts are ongoing to develop smartphone applications for efficient diagnoses and treatments, [2] [3] [4] which have allowed both physicians and patients to more effectively manage medical information. 5 U-health (ubiquitous health), m-health (mobile health), and teleconsultation are efficient tools for patient evaluation, diagnosis, and treatment. They are also effective in reducing medical expenses. 6, 7 Recently, there has been growing interest in geriatric and chronic diseases, with efforts made to minimize the cost and time associated with treating patients with chronic diseases, particularly the elderly. A complete cure is typically infeasible based only on short-term treatment for patients with chronic diseases. Generally, these patients require continuous, meticulous monitoring of their clinical course. We believe that teleconsultations may contribute to improving quality of life and shortening the length of hospital stay and treatment period of patients with chronic disease, thereby proving to be a useful tool for the health care industry. 8 Although there are studies on teleconsultation for some diseases, there have not been substantial efforts to make smartphone applications commercially available for chronic wound management. 6, [9] [10] [11] [12] [13] We found some reports on the effectiveness of smartphone application-based teleconsultation for the diagnosis of injuries and wounds, based on assessments of the concordance rate with traditional in-person examinations. 6, 14 However, most reports focused on the degree of patient satisfaction.
Patients with pressure injuries, and especially chronic wounds, are vulnerable to severe symptoms, which may result in poor quality of life for both patients and their caregivers. It is therefore crucial to treat patients with pressure injuries appropriately. 15 When monitoring the clinical course of patients with chronic pressure injuries, it is important to achieve prompt recovery from symptoms, thereby minimizing the need for in-hospital intervention.
Consequently, we developed chronic pressure injury teleconsultation methods based on a smartphone store-andforward system. Using information that patients and caregivers sent, a doctor would make a diagnosis remotely. In addition, the system was capable of automatically recommending a diagnosis-based treatment. We investigated the accuracy of the pressure injury evaluation via tele-device, and examined the agreement between the automatically generated recommendation and the primary manual recommendation.
METHODS

Study population
Patients undergoing outpatient treatment were selected from a group of patients diagnosed with pressure injuries in the plastic surgery clinic. Only patients who were 21 years of age or older with a wound less than 100 cm 2 were included. The following patients were excluded: patients diagnosed with osteomyelitis who had not yet been treated, patients with fistulae, patients who had participated in other drug studies within a month of this study, and patients considered by the researchers to present difficulties for participation in a clinical trial.
Study oversight
This study was a single-institution trial to test the accuracy of pressure injury evaluation via tele-device, and to examine the agreement between the automatically generated recommendation and the primary manual recommendation. Each patient visited a hospital once a week for 4 weeks; a total of four evaluations were made per patient. The current study was approved by the Institutional Review Board (IRB) of Seoul National University Bundang Hospital (IRB # E-1006-050-001, E-1106/063-005, and E-1206/158-001), and all patients and legal guardians provided written informed consent to participate.
Study design
System protocol
Our system followed a design-implementation-evaluation developmental cycle. Design and implementation were based on data collection, monitoring, analysis, and feedback. 16 The system was designed to measure and process biometric data, and to detect changes in biological markers associated with the health status of patients, using a smartphone interface. In addition, it alerted patients to changes in their health status and transmitted relevant information to physicians (Figure 1 ). This study linked the electronic medical records of Seoul National University Bundang Hospital network, and the information was stored on the hospital's servers. As a result, the data received the same level of protection as the other medical records. Not only did we enhance the security of the application itself, but also we prevented developers from accessing patient information. In addition, we chose the iPhone, which offered the best security available at the time, and designed the system to delete the data from the mobile device following transmission.
Data were collected, monitored, and analyzed, and feedback was obtained in accordance with the standards of the National Pressure Ulcer Advisory Panel and its Korean equivalent, the Bundang Pressure Ulcer Advisory Panel. The feasibility of the system was assessed through the collaboration of a Wound, Ostomy, and Continence (WOC) nurse, a plastic surgeon, and a researcher.
Data collection (mobile device)
Pressure injuries are commonly diagnosed through a gross examination, for which the data can be collected simply by using the built-in camera of a smartphone. For the current study, we used the standard touch screen user interface and camera installed in the iPhone 3GS and iPhone 4, with iOS 3.0 and iOS 5.0 operating systems, respectively.
(1) Measurement of pressure injury size Caregivers of patients were instructed to remove the wound dressings and expose the wound sites for photographs. At this time, attempts were made to examine the amount of exudate at the wound sites. Caregivers were then Figure 1 . System diagram. The staff portal/ OS terminal on the first line is the cyber space where the users upload information. In the second telemedicine server, the API layer serves to receive user-uploaded information. The control layer analyzes and processes user-uploaded information. The data access layer allows the processed information to be stored in the data center. The third database is a space where various data are stored. OS, operating system; HTTPS, hypertext transfer protocol over secure socket layer; XML, extensible markup language; API, application programming interface; WAS, web application server; DBC, database connectivity.
instructed to transmit the photographs. The size of the pressure injuries was automatically measured using a 1 cm × 1 cm indicator on the screen. Automatic size measurement was performed by touching the screen and dragging or dropping the indicator, thereby modifying its movement and eventually adjusting the recorded size of the pressure injury ( Figure 2a ). The resolution of the iPhone 3GS camera sensors was set to 3,000,000, while the resolution of the iPhone 4 camera sensors was set to 5,000,000 pixels.
(2) Videography It is impossible to grossly examine the depth and direction of wounds using two-dimensional images, and difficult to sufficiently examine a pressure injury using a single still image. Clean swabs were therefore used to sweep around the edges of the deepest point of the pressure injury in each direction for the purposes of presenting the depth of the wound on the video. The function of the video or the system was designed to run and exit the program using the touch screen user interface, for which the video settings of the iPhone 3GS and iPhone 4 were optimized at 30 frames per second at a resolution of 640 × 480 and 640 × 940 pixels, respectively.
(3) Medical examination The degree of recovery from a pressure injury is dependent on baseline characteristics, and different types of dressing are recommended based on infectious symptoms. 17 We used a patient-reported questionnaire and caregiver information to collect patient data regarding the presence of infectious symptoms. These baseline characteristics were collected during the initial registration and then saved as part of each user's profile. Data were entered via an onscreen keyboard or voice recording, the latter being an option for elderly patients who are often inexperienced in entering text via an iPhone touch screen interface. Additionally, patients could obtain further information from the researcher using an open question format.
Remote physician evaluation and recommendation
Patient data were transmitted from the smartphone to a website via an open application programming interface (API). From the website, physicians monitored baseline characteristics, prescription and treatment data, and types of dressing.
(1) Wound evaluation One plastic surgeon, one WOC nurse, and one researcher grossly examined the wound sites of each patient and assessed the pressure injuries. We evaluated the wounds using a specially modified version of the Pressure Sore Status Tool (PSST), which comprised 13 questions; in an attempt to obtain the wound scores (Table 1 ). Subsequently, caregivers transmitted images, videos, and other relevant information concerning the pressure injury to the website via a smartphone (Figure 2b ). The same information was also collected through teleconsultation, which was used for comparison. The evaluators were blinded to all information other than wound-related data in order to minimize bias in determining the concordance rate.
(2) Automatically generated recommendation Based on PSST scores and algorithm design, specific dressing types (primary dressing for packing dead space, secondary dressing for covering) were recommended and transmitted to patients. To ensure patient safety, the recommendations were reviewed and approved by physicians. If applicable, physicians forwarded the recommendations to patients after making modifications through a click reaction. When patients had a body temperature of >37.8 C, they were automatically advised to immediately consult a physician. Patients who had no fever or a temperature of <37.8 C were given 6 points for Question 2, "depth," and then asked to respond to Question 3, "edges." Patients with a total score of 1 point ("indistinct," "diffuse" or "not clearly visible") were advised to use a heavy dressing. Patients with a total score of >2 points were advised to visit the hospital. Patients with a score of <5 points for Question 2, "depth," were asked to respond to Question 10, "peripheral tissue edema." Patients with a total score of >5 points were advised to visit the hospital. Patients with a total score of 3-4 points were generally advised to use an antimicrobial dressing. According to data, such as the amount of exudate (Question 8), the amount of necrotic tissue (Question 6), and the degree of epithelialization (Question 13), patients were advised to secondarily use a light or heavy hydrocolloid dressing, or a light or heavy foam dressing.
Patients with a body temperature of <37.8 C, a score of <5 points for Question 2, "depth," < 3 points for Question 10, "peripheral tissue edema," and no notable findings other than fever upon medical examination were generally advised to use an antimicrobial dressing.
Patients with a body temperature of <37.8 C, a score of <5 points for Question 2, "depth," < 3 points for Question 10, "peripheral tissue edema," and no notable findings upon medical examination were advised to respond to Question 7 (type of exudate), Question 8 (amount of exudate), Question 2 (depth of wounds), Question 6 (amount of necrotic tissue), Question 13 (degree of epithelialization), and Question 9 (wound skin color).
Outcome measures
The primary efficacy variable was the rate of concordance between PSST scores obtained by the mobile device and by a trained on-site wound team. The secondary efficacy variables included the dressing type agreement rate between the automatically generated recommendation and the primary manual recommendation by the wound team, and the pressure injury wound recovery rate.
Statistical analysis
Statistical analysis was performed using SPSS software version 18.0 (SPSS Inc., Chicago, IL). To analyze the internal consistency of the PSST, we evaluated the reliability of PSST scores at a Cronbach's α coefficient of 0.839. We also used Cohen's κ coefficient and percentage to analyze the rate of concordance. Statistical significance was set at p < 0.05, p < 0.01, and p < 0.001.
RESULTS
In the current study, the patients were enrolled from August 1, 2010 to September 2, 2012. We collected data from a total of 60 patients with pressure injuries, who each visited a hospital four times throughout the 248 sessions of data collection. Our clinical series of patients were comprised of seven cases of death and two cases that were lost during follow-up due to loss of data. Therefore, we finally analyzed 239 data sets.
We assessed concordance rates for wounds based on the scores of 13 questions on the PSST scale. We measured the degree of consistency based on Cohen's κ coefficient, as proposed by Landis JR and Koch GG: κ coefficient < 0 indicated poor consistency; 0 < κ coefficient < 0.20, slight consistency; 0.20 < κ coefficient < 0.40, fair; 0.41 < κ coefficient < 0.60, moderate; 0.61 < κ coefficient < 0.80, substantial; and 0.81 < κ coefficient < 1.00, excellent. 18 The κ coefficients indicated substantial agreement for wound size and total score, and excellent for all other items (Table 2) . We found that the overall concordance rates were statistically significant for all items (p < 0.001).
We checked the concordance rate for type in primary dressing and secondary dressing. For the primary dressing, the κ coefficient for the concordance rate of automatic algorithm and manual recommendation was 0.771, while that of teleconsultation system and manual recommendation was 0.971 (Table 3) . For the secondary dressing, the figures were 0.798 and 0.989, respectively. All values were statistically significant figure (p < 0.001).
Of the 60 patients, 52 recovered or remained with a wound, and the PSST score decreased to a maximum of 17 points. On the other hand, the wounds of eight patients worsened during the study.
DISCUSSION
This study was developed to establish a standard pressure injury management protocol in a teleconsultation setting to minimize deviation from recommended wound care practices in a nonhospital, teleconsultation setting, with the aim to improve the overall quality of wound care. We presented strong evidence documenting the utilization of a smartphone, patient-driven system, and demonstrated that the measurements obtained were comparable to the ones obtained by a trained on-site wound team. Furthermore, we confirmed agreement between automatically generated recommendations and primary manual recommendations. In addition, we noted high satisfaction levels among caregivers and medical staff, along with an improvement in caregivers' medical knowledge. In fact, we can confirm that after getting accustomed to the system, caregivers were capable of doing a fairly accurate PSST assessment.
This system aims not only to promote the monitoring and management of pressure injuries but also to facilitate the wound healing process. To this end, we developed a variety of additional functions in the application: The system is designed to remind patients to adjust their position at 2 hour intervals to prevent the aggravation of pressure injuries. It also provides information on prescription data, wound dressing methods, and medical examination results in text form. In addition, it allows patients to access information in a diary format by date, in which the latest recommendation for dressing materials appears at the beginning. Our system also incorporates nutritional data to help develop patientspecific knowledge based on the Clinical Decision Support System. Patients feel comfortable when they are aware that their clinical course is being monitored meticulously and continuously in a teleconsultation setting, which in turn may increase their adoption of the system. 15 This system has several strengths. First, mobile devices are widely used, so patients and caregivers do not have to buy extra equipment. Patients can save a great deal of money and time. It is possible to eliminate problems that may occur when moving. Most importantly, the degree of user convenience is relatively high among caregivers who are familiar with currently available smartphones. Second, in this study, the virtual examination was designed to be as accurate as possible through the use of both images and video of the wounds. It is difficult to sufficiently examine pressure injuries using still images alone. Third, the difference between actual size and measurement was minimized according to users, by a tool that could objectively measure wound size.
The authors recommend that telemedicine researchers address security concerns to increase the availability of telemedicine services and improve the quality of care provided. 19, 20 Security issues should be eliminated at every stage: database server, application, and mobile device. It is important to store data on a secure hospital server and the data should receive protection that is at least equal to or higher than that of the other medical records. From the beginning of the application's development, researchers must collaborate with researchers in security and associated fields. In this process, we prevented even developers from accessing medical information. Nevertheless, there are limits to the security of mobile devices, because they use machinebased security systems; if the mobile device is hacked, protection may not be possible. For this reason, researchers should choose the device that offers the best security available. In addition, we recommended designing the system to delete the data from the mobile device following transmission (store-and-forward system). We are in full agreement with concerns about security, the most important obstacle to the development of telemedicine, and must strive for adequate protection in the future.
There is an argument related to the cost of telemedicine. Costs vary greatly depending on the medical environment of a given country. Cost may have an impact on the effectiveness of teleconsultation. For telemedicine to be widely used, appropriate medical fees must be set up through social agreement.
There are several limitations to this study. First, diagnosing and treating wounds solely on the basis of a virtual examination is not easy, even though we did the best we could with 2D images. If the camera module is developed, it will serve to complement this part. The 3D image analysis technology with scenes, for example, in which the therapist presses the surrounding tissues when shooting the video, could be used to reduce the score difference and increase the matching rate of virtual and on-site PSST. Further studies are required to design a system that can make decisions based on a combination of various data, rather than virtual images alone. Second, we unfortunately could not measure the exact cost of the system in this study, because the medical fee for telemedicine had not been established in our country to provide evidence of cost-effectiveness. In Korea, it usually costs about $200 to travel to the hospital four times, so there is likely to be a certain degree of cost savings. Third, we could not apply this system to all chronic wounds. It works well when applied to stable chronic wounds, but it is difficult to use when the wound necessitates urgent care, or emergent interventions are required due to aggravation or sudden worsening. Fourth, there may be a bias depending on education level, familiarity with smartphones, and the clinical conditions of caregivers. There is a specificity of telemedicine that involves the interaction between the patient and the physician using the devices. We attempted to simplify the procedures that caregivers must follow for the transmission of images, video, and other data to physicians, and made size measurement automatic. We think this bias can be reduced through caregiver training and increased efforts to make our system more user-friendly.
Further large-scale prospective studies are warranted to support our results, in conjunction with greater efforts to improve the convenience of our system and to provide an evidence-based rationale. In addition, more efforts are needed to confirm the scope of our system beyond its rate of concordance. Our innovative system can contribute to minimizing the likelihood of inefficient, unprofessional wound management in nonhospital settings, achieving prompt recovery from pressure injuries, and reducing medical costs for patients. As such, it may provide a foundation for the future development of teleconsultation in clinical practice.
